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This invention relates to a new elass of solu- 
ble, unsaturated polymeric materials which are 
prepared by the interpolymerization of a tris-2- 
alkenyl aconitate with a 2-alkenyl alcohol and 
styrene or a substituted styrene as hereafter de- 
flned. These interpolymers can be .converted by 
heat and/or catalysts to insoluble, essentially 
fusible lrOducts by further polymerization or by 
copolymerization witl other ethylenically 
saturated organic materials capable of addition 
polymerization. 
It is known in the art that tris-2-propenyl 
aconitates copolymerize with styrene, albeit 
slowly, to form insoluble, infusible resins before 
more than a minor proportion of the monomeric 
materials and ,particularly the tris-2-propenyl 
aconitate has been converted tc the polymeric 
form. Hence soluble copolymers can only be 
obtained by halting the polymerization before 
gelation occurs. This method is disadvanta- 
geous, however, not only because of the low yield 
of soluble lOlymer, but also because it neces- 
sitates recovery of the monomeric starting, ma- 
terials for use in subsequent polymerization. 
Moreover, the devices suggested by the lrior art 
as being helpful in securing higher yields of 
soluble, unsaturated copolymers, viz., the use of 
higher reaction temperatures, large amounts of 
catalyst, inhibitors, dfluents, etc., offer only a 
disproporti0nately small advantage since the re- 
sulting improvement in the yield is small or in 
most cases insignificant and the resulting inter- 
polymers must be further purified to remove sol- 
vents, catalyst fragments, inhibitors, etc. 
I have now round that the amounts of the. 
-monomeric tris-2-alkenyl aconitatc and styrene 
convertible to thé soluble, copolymeric form can 
be very markedly increased by interpolymeriza- 
tion thereof with a 2-alkenyl alcohol from the 
class of allyl, 2-methallyl, 2-ethallyl, 2-chloro- 
aliyl, 2-(hydroxymethyl) allyl, 2-(chloromethyl) 
allyl, tiglyl, crotyl, 4-chlorocrotyl and cinnamyl 
alcoho]s, and preferably those alcohols from the 
above class which contain a terminal methylene 
group, e. g., aliyl, methallyl and ethallyl alco- 
ho]s. Suitable trls-2-alkenyl aconitates for use 
in my invention include the aconitic esters .of any 
of the above-mentioned 2-alkenyl alcohols, those 
containing a terminal methylene group being 
lreferred, e. g., triallyl aconitate and trimeth- 
aliyl aconitate. The styrene employed in my 
invention may be replaced in whole or in part 
by substituted styrenes from the class of alpha- 
..methy]styrene, p-methylstyrene, l-methoxysty- 
r.en.e, P-¢hlorg. styren.e,, o.,p-dich!orosyr.ene  I»tri- 
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chloromethylstyrene, p-fluorostyrene and p-tri- 
fluoromethylstyrene. 
In contrast to prior art methods, my inter- 
polymerization reaction proceeds smoothly aL 
5 moderate temperatures and in the absence of sol- 
vents, inhibitors or other special reaction con- 
ditions and precautions heretofore employed in 
the art in an attempt to delay or avert gelation. 
Moreover my new interpolymers are uncontami- 
0 nated by the insoluble gel encountered in the 
art and hence extensive .purification of my prod- 
ucts is unnecessary. 
The interpolymerization reactions of my in- 
vention are carried out by heating the tris-2- 
15 alkenyl aconitate with the 2-alkenyl alcohol and 
with the styrene or substituted styrene as defined 
above in the respective molar ratio 1.0:0.4 to 
6:0.1 to 5.0. The reaction is carried out at rem- 
. peratures of from 25-140 ° C., preferably in the 
0 range of 50-110 ° C. for rimes suflcient to effect 
an adequate degree of reaction, such rimes being 
wihin the range of 2-300 hours and usually in 
the range of 50-200 hours. 
The reaction is promoted by a source of free 
t5 radicals such as a peroxidic compound, among 
which are the organic peroxides, e. g., acetyl 
peroxide, benzoyl peroxide and tert.-butyl hydro- 
peroxide, these promoters being employed in 
amounts of from 0.1-20%, and preferably 1.0- 
30  15%, by weight of the reactant mixture. 
The course of interpolymerization can be fol- 
lowed by observing the increase in the viscosity 
of the reaction mixture and the interpolymer càn 
be isolated from the reaction mixture by lre- 
35 cipitation through the addition of a non-solvent 
such as diethyl ether and/or n-hexane. A1- 
though unnecessary for many commercial appli- 
cations, further .purification of my interpolymer 
can be effected by dissolving them in a minimum 
o volume of solvent such as acetone and reprecipi- 
tating them with one of the above-mentioned 
non-solvents. Concentration of the precipitat- 
ing bath yields a further amount of lower molec- 
ular weight interpolymers which are likewise use- 
45 ful in various commercial applications. 
My new interpolymers provide an improvement 
over the binary copolymers of tris-2-propenyl 
aconitatc and a 2-propenyl alcohol since my new 
interpolymers provide, where desired, a some- 
50 what more flexible product having an essentially 
high degree of compatibflity with cheap aromatic 
hydrocarbon solvents, e. g., in the preparation of 
surface coatings. Such coating solutions can be 
obtained by dissolving my interpolymers in an 
55. appropriate ovent or by adding the_ highor-bfl- 



ing solvent directly to the crude interpolymeriza- 
tion reaction mixture and removing any unre- 
acted 2-alkenyl alcohol by subsequent distilla- 
tion. 
Alternai-w.el-y .rrr:¢ .unsaturated ,interpolymers 
can be ,oesselved in qielUC, ettlylenicllY unsau- 
rated compounds such as benzyl acrylate, tolyl 
acrylate, methyl acrylate, allyl acrylate, bu.t,Y:l 
methacrylate, vinyl butyrate, dethyl 
and diallyl fumarate. The 
be totally polymerized to tnéltble., 
products without leaving any slvents 0 be evp- 
orated. Such solutions can»beern_plqy.ed:tmcïst- 
ing, laminating and imprentng opertions, 
particularly where articles capable of being pre- 
formed and thon "set" or cured n a 
are desired. 
My interpolymers can also be emplye_d in the 
solid form as thermose.tting molding powdesin 
the preparation oï articles of various shapes, e. 
rotls and sheets. 
Application of heat, e. g.,-:60-fl0 ° 
.posïtions contäining my new urtsturaoetI-inter- 
.polymers»-particularly in-the presence of a p01y « 
.-meriztionctalst--or promoter,e. g.,caperOxide, 
 ffects .tther polmerizaion ntl ..h esulting 
.pr0ducts are resfstànt to :-het and to 
.ol.ver/ts. 'SoEtable inert  atltends inlutling pig- 
mCts, dyes,/421lors .-and plstfcizer can .be n- 
o-rporaebw.th»the irïtep0tymersithe solibIe, 
, fusible:tage :prior ïto :-the,inl :cure. 
The following examples dfslose.mynerïtion 
 .in m0re«deafl. /2dlprtsarebyçei1àt. 
" To.demonstate the/impravements (ache,ved by 
my ,invention, mixtures:of::triltyl «aconltate «nd 
-sty»eneare-:leaed at«60 ° .C.,and .in the presence 
:Of benz0yl :peroxide as.a promoter, with ..va.rious 
:2-alkenyl :alcohols, until no turther .increase:in 
the vfscosity 0f th reactton mixture :fs ,percep- 
,tible. The reaction ..products re :thon isolaed 
from the reaction mixture by:the, aldition:of 
:,eXcess of.a'mixture 0fnheane;anl;dieth:lèther 
vhiCh pcïpita¢es the:interpolymers. ,Thelgbter 
-ar:e::further puçffied-by, dissolvirg.themqn aiziiiïi- 
-mure ,volume dï ,acetone :and ,:repïepitattïg 
; t hèm:with :an .e-xce ss 'of::the hexane-eher :mixtUre 
-af ter  Wtlich .-they-re. dried.in :.vaeuo ,..to-eonant 
weight. :InTable ,I -beloW are summarized the 
-amounts..oî:the monomericst tin.mteriats- the 
.per5xide ,and .the -p0meric pro'dues s wèll 
tereaction:times..To u-rth_er.empha_size:he: 
-vntages-of-my in:vention :over.-:the prior 
:exampte-of'tbe cop0tymerization Oï:s.tyrene'..tth 
. tiallYb aconitate. imthe àbsenceof-.the :2 .akenyl 
 .-tohS1 ifs qi, kewise-.i.ncluted * -Ia). 
",,ae I 
 iMtyl l (hours):: 
bide 
b ....... . 5 : ill]Xlc0hol ..... 
":i00- 25 ZMe-hliyl:-.ASleolJo1.-::L|,lOO:O 
,/ ........ oo, :o ° - ïfi,ï-ï-]ï,ff_-_ï::: ï 
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sufficient fo effect a signtflcant lncrease in the. 
amounts of the triallyl aconitate and styrene 
converted to the soluble, polymeric form before 
gelation. Succeeding examples, such as 
5 s.how«ha.t nt ..ly d.oe.s....e.mt q soluble 
..i_n..trP:01 .yr,.r o.ine£t ,y? hi: .m, çtd increase 
with the presence of increasing amounts of the 
2-alkenyl alcohol but also that in the presence of 
_as_u.ç).en.t oEua._nti_ty of the latter the major pro- 
o :p,on.:'.hëï.ia:llyl aconitate and the styrene 
:.cn'h#. ç,n.,vroel to the soluble, polymeric form 
wtthout duger"of premature tnsolubilization. 
../_AMPLE 2 
15  mixtureç.of 100 parts of triallyl aconitate, 25 
1arts.çLt..e..e,.200 parts of allyl alc0hol and 2.5 
ts:f:-eïlzol peroxlde fs heated at 60 C. for 
°tSal of 336 hours during which rime 33.5 parts 
of benzoyl peroxide are added in increments of 
20 2.5 parts at 24-hour .:intervals. The reaction 
:solut.ion fin 
25 ..repeclpt,ïon ,.of -.:]; :. l.rrx.au.e 
-ac.uum oto Y,ild :pproximey.:l.4 .pr,ts 
_£nly, sfs: i.ound, ler cex hydrlo 
 30 (-..wljs.):e number, :OE 1.. ::T.4m: droyl. 
derived from the interpolymerizedll,:lcqho.1, 
 and.::th:e ]ioàtne,,mumber .lndiaates:the. roeslclul 
unsaturatton o «the intellner whih.Is le- 
ried ,from: the 'rtpolrr/eled 
.35 tte. 
(.) ::pon.heating t,elve6.enpeatures 
-e.:g.,120 -15.{ ° Cï«a:sample;0fthe]tnteldlmer 
:fs cnveteï to an :ins01uble and.heatresfstant 
.product. 
 40 (-5) Eihten:patsïf ,thesoluleinpler 
gether çwih:Ol :pa f bepleoifle, çh e 
45-Ior:5:  . gdiflonai /hs. ' 
-cee. 
- aving:thus »dcrbe:my«inV.tn 'wat I 
-cla ahflesireto protect byZëtrS PtqS: 
-1. 
-,solubieqnerçoleif: 
-6f ;:om'-'ï  ;0'm01r ¢Uaten .Of - ts - 
-6 :to :0.1 molr, ¢guia 6f -: lknyl-ao - 
:01 Zïrom !tNe-clss-confsttng , atlyl«àIë6hol 



rene, p-chlorostyrene, o,p-dichlorostyrene, p-tri- 
chloromethylstyrene, p-fluorostyrene and p-tri- 
fluoromethy]styrene. 
.. A method which comprises huterpolymeriz- 
ing, by heating in the çresence of a peroxidic 
lolymerization catalyst, a mixture of monomers 
consisting of a tris-2-alkenyl aconitate from the 
class consisting of triallyl aconitate and tri- 
methallyl aconitate, a .-alkenyl alcohol from the 
class consisting of allyl alcohol and methallyl 
alcohol and a monomeric oleflnic-substituted 
benzene selected from the class consisttng of 
styrene, allha-methylstyrene, p-methylstyrene, 
l-methoxystyrene, p-chlorostyrene, o,p-dichloro. 
styrene, p-trichloromethylstyrene, p-fluorosty- 
rene and p-trifluoromethylstyrene, in the respec- 
tive molar ratio of 1.0:0.4 o 6.0:0.1 to 5.0. 
3. A product which is an unsaturated aceone- 
soluble interpolymerizate of monomers consist- 
hug of from 1 to 0.4 molar equivalents of a tris- 
.-alkenyl aconitate from the class consisting of 
triallyl aconitate and trtmethallyl aconitate, 6 
o 0.1 molar equivalents of allyl alcohol and 5 
molar equivalents of styrene. 
4. A product which is an unsaturatd aceone- 
soluble interpolymerizate of monomers consist- 
ing of from 1 o 0.4 molar equivalents of a trls-.- 
alkenyl aconitate from the class consisting of 
triallyl aconitate and trimethallyl aconitate, 6 to 
0.1 molar equivalents of methallyl alcohol and 5 
molar equivalents of styrene. 
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5. A product which is an unsaturated aceone- 
soluble interpolymerizate of monomers consist- 
ing of from 1 to 0.4 molar equivalents of triallyl 
aconitate, 6 to 0.1 molar equivalents of allyl alco- 
5 hol and 5 molar equivalents of styrene. 
6. A product which is an unsaturated aceone- 
soluble iuterpolymerizate of monomers consist- 
ing of from 1 o 0.4 molar equivalents of trimeth- 
allyl aconitate, 6 to 0.1 molar equivalents of allyl 
10 alcohol and 5 molar equivalents of styrene. 
7. A product which is an unsaturated aceone- 
soluble interpolymerizate of monomers consist- 
hug of from 1 to 0.4 molar equivalents of triallyl 
aconitate, 6 o 0.1 molar equivalents of methallyl 
.5 alcohol and 5 molar equivalents of styrene. 
PLINY O. TAWNEY. 
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